In the current era of cardio-oncology the awareness of the cardiotoxicity of anti-cancer therapies is entering into common clinical practice, and new methods for monitoring risk and early markers are urgently needed [1] [2] [3] . One of the clear examples of cancer therapy cardiotoxicity is in patients with breast cancer over-expressing the HER2 receptor, which are currently treated with anthracyclines or taxanes and with trastuzumab. Anthracyclines and trastuzumab are both associated with cardiotoxicity [1] . Trastuzumab is associated with cardiotoxicity through a variety of HER2-related and unrelated mechanisms [4] . Concurrent use of anthracyclines and trastuzumab, while highly effective, are found to synergize in inducing cardiac damage [2] . In this issue of Internal and Emergency Medicine, Russo et al. [5] point out a new risk condition in cancer chemotherapy-associated cardiotoxicity: impaired renal function. In particular, there is renal dysfunction (RD) in a group of women with breast cancer (the ICARO cohort) with no previous signs or symptoms of heart failure and preserved LVEF who are undergoing trastuzumab treatment after chemotherapy. The authors examine this dysfunction and its relation to cardiac toxicity following trastuzumab.
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The heart-kidney axis is well known in cardiology, where RD often aggravates congestive heart failure. RD has now been identified as a risk factor for mortality [6] , in particular increased risk for cardiovascular (CV) events. Diverse mechanisms are associated with these effects, including perturbation of the renin-angiotensin system, atrial natriuretic peptide signalling and the sympathetic baroreflex system, most of which are related to hypertension. The importance of sympathetic baroreflex signaling by the kidneys in inducing cardiac stress is increasingly recognized, to the point that trials on ablation of renal sympathetic signaling in hypertensive patients are underway [7] . However, the role of RD as a risk factor for CV events in cancer therapy has to date not been entered into the cardio-oncologic equation.
Anthracyclines, taxanes or trastuzumab alone, at present are not considered to be nephrotoxic, and current guidelines do not require dose reduction in patients with RD. Russo et al. [5] report that RD, determined by estimation of GFR using creatine clearance (eGFR) with the simplified MDRD equation, assessed at baseline (prior to trastuzumab therapy, after other chemotherapies) is associated with an increased risk of cardiovascular toxicity and complications following trastuzumab. Cardiotoxicity was monitored by assessment of left ventricular ejection fraction (LVEF) at baseline and after 3, 6, 9 and 12 months and for clinical signs of congestive heart failure (CHF), RD was based on the K/DOQI classification from class I to V.
Russo et al. observe that the prevalence of trastuzumabinduced cardiotoxicity parallels the severity of RD ranging from 15 % (in patients in class I RD) to 38 % (in patients in class III RD). The best prognostic cut-off value for cardiotoxicity of eGFR is 78 ml/min/1.73 m 2 , also implying that a mild impairment of renal function is sufficient to expose these patients to cardiac damage. The patients who experienced trastuzumab-associated cardiotoxicity, as compared to those who had no cardiotoxicity, are also older, and tend to be those treated with doxorubicin. However, the prevalence of hypertension, diabetes, and dyslipidemia is similar between the two groups, suggesting that RD associated hypertension is not the primary mechanism.
When Russo et al. determined renal function prior to trastuzumab therapy, most of the patients studied had prior anthracycline or other chemotherapy (anthracyclines 88 %, cyclophosphamide 89 %, taxanes 44 %, 5-fluorouracil 46 %, neoadjuvant 25 %) [5] . The majority of the patients had stage one RD, only 30 % of the subjects showed normal renal function. It is not clear if RD was already present prior to chemotherapy in this population (30 % were above 60), or if this was already induced or worsened by anthracycline or other chemotherapy. Renal function clearly declines with age, and several studies have shown a decrease in average GFR with age [8] [9] [10] [11] , and may represent a potential bias of the study. The InCHIANTI data [12] provide a potential control population (Table 1) , although the GFR rates were measured using a different formula and the average age of the Russo et al. [5] cohort is younger (55.1 ± 10.9 vs. 76.0 ± 6). If we compare the GFR rates of that found by Russo et al. following anthracyclin therapy to that of the women in the InCHIANTI population, somewhat similar results are found: the majority of the patients are in class II with mild RD (Table 1 ). The more elderly InCHIANTI population shows fewer individuals with normal renal function and more with class III RD, as do the Russo et al. population examining those individuals over 60.
These data imply that it is probably not chemotherapy that is creating RD in the ICARO cohort, it appears that frequent RD is a baseline characteristic of the cohort. Although those experiencing cardiotoxicity are significantly older, the differences are more pronounced with low eGFR, indicating that it is not age alone, but RD per se, that is associated with cardiotoxicity after trastuzumab. In the ICARO cohort, RD is also noted in younger individuals, raising the possibility of some degree of chemotherapy (or possibly cancer) induced RD. As mentioned above, while current data do not associate anthracyclines, taxanes or trastuzumab with nephrotoxicity, as pharmacovigilance expands into the cardio-oncology arena [13] , the data of Russo et al. [5] suggest that careful evaluation of renal function needs to be included as part of the ''onco-pharmacovigilance'' approach [3, 13] .
The report by Russo et al. indicate that renal function is an additional risk factor to take into account in the cardiooncological evaluation prior to therapy, helping to predict those patients at risk. Whether RD is directly or indirectly involved in exacerbating the cardiotoxicity of cancer therapies, or if it is simply a condition to be taken into account when determining risk, remains to be answered by further studies. Since serum creatinine-based formulas have been reported to overestimate impairment of kidney function in the elderly InCHIANTI population [10] , an assessment of renal function using creatinine clearance based on 24 h urine collection should also be examined in future studies.
Understanding the effects of chemotherapy on renal function will be the next step in determining the utility of monitoring renal function in cardio-oncology as well as shedding light on the potential mechanisms involved. This is particularly important in light of possible prevention approaches [1] , where RD may be an indicator of those patients more likely to have trastuzumab-related cardiotoxicity. For example, ACE inhibitors are widely employed for protection of both cardiovascular and renal function, identification of high-risk patients may warrant preventive use of these compounds.
Russo et al. study opens many new and important avenues for investigation: (1) What are the effects of chemotherapy on renal function? (2) The mechanisms linked to the enhancement of trastuzumab cardiotoxicity; is it increased risk or alterations in the metabolic/therapeutic/ cardiac response to trastuzumab that plays the leading role? (3) Is this valid only for trastuzumab alone or can this be extended to other chemotherapy and targeted agents that are associated with cardiotoxicity? These questions need to be answered by further studies, and the cardioncology research network needs to keep these points in mind when developing future investigations to answer the puzzles associated with cardiotoxicity, and to find ways of predicting and avoiding these potentially severe complications.
